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suppressor  cells.  A  breast  cancer  cell  line  derived  from  the  MMTV-PyMT  mice  was  shown  to  possess  functional 
alpha2-AR  and  B-AR.  We  also  show  progress  made  in  developing  a  model  of  micrometastasis  after  primary 
tumor  dissection. 
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1.  INTRODUCTION 


Despite  advances  in  the  treatment  of  breast  cancer,  metastatic  disease  remains  a  challenging  clinical 
problem  with  few  therapeutic  options  (1).  Patients  undergoing  diagnosis  and  treatment  of  breast  cancer 
often  experience  severe  and  chronic  psychological  stress.  The  sympathetic  nervous  system  (SNS)  is  an 
important  pathway  by  which  psychological  stress  can  promote  tumor  progression  (reviewed  in  (2,  3)).  The 
SNS  neurotransmitters  norepinephrine  and  epinephrine  activate  two  major  classes  of  adrenergic  receptors 
(AR),  a-AR  (subdivided  into  al  and  a2)  and  f3-AR  (subdivided  into  131,  B2,  and  B3).  The  pro-tumor 
pathways  activated  by  B-AR  stimulation  have  begun  to  be  elucidated  in  breast  and  other  cancers  (4,  5),  but 
there  is  a  paucity  of  studies  examining  a  role  for  a-AR  activation,  despite  the  fact  that  in  human  breast 
cancers,  a-AR  expression  has  been  linked  to  poor  prognosis  (6).  Only  a  few  breast  cancer  cell  lines  have 
been  demonstrated  to  express  functional  a-AR  (7),  but  the  host  stromal  cells  that  make  up  a  tumor, 
including  macrophages  and  fibroblasts,  express  a-AR  and  B-AR  normally  (8-10)  and  in  primary  tumors  (7). 
Here  we  describe  progress  made  in  defining  the  impact  of  a2-AR  and  B-AR  activation  in  C57BL/6  mice 
bearing  E0771  mammary  (orthotopic)  tumors  and  in  BALB/c  mice  with  orthotopic  4T1  tumors.  We  also 
provide  evidence  that  a  breast  cancer  cell  line  derived  from  the  MMTV-PyMT  mice  express  both  alpha2-AR 
and  B-AR.  Finally,  we  show  progress  made  in  developing  a  model  of  micrometastasis  after  primary  tumor 
dissection. 

2.  KEYWORDS 

breast  cancer,  metastasis,  alphci2-aclrenergic  receptors,  fi-adrenergic  receptors,  dexmedetomidine, 
salmeterol,  tumor  associated  fibroblasts,  collagen,  second  harmonic  generation,  multiphoton  laser 
scanning  microscopy 

3.  ACCOMPLISHMENTS 

What  were  the  major  goals  of  the  project? 

(The  specific  aims  are  the  major  goals  of  this  project.) 

Aim  1 .  Determine  if  a2-AR-induced  tumor  progression  and  metastasis  is  a  biological  pathway  common  to 
many  murine  breast  tumor  models.  Progress  reported  below. 

Aim  2.  Identify  the  cellular  and  molecular  mechanism(s)  underlying  a2-AR-induced  tumor  progression 
within  4T 1  tumors.  Progress  reported  in  YR1  Annual  Report. 

Aim  3.  Determine  if  DEX  treatment  during  breast  tumor  surgery  promotes  micrometastasis.  Progress 
reported  below. 


What  was  accomplished  under  these  goals? 

Describe  1 )  major  activities;  2 )  specific  objectives;  3 )  significant  results  or  key  outcomes,  including 
major  findings  developments  or  conclusions  (both  positive  and  negative);  and/or  4)  other  achievements. 

SPECIFIC  AIM  1 
1)  Major  activities: 

Specific  aim  1:  The  effect  of  DEX  treatment  was  determined  in  an  orthotopic  mammary  tumor  model, 
E0771  grown  in  syngeneic  C57BL/6  mice.  Salmeterol  treatment  to  activate  B2-AR  was  tested  in 
C57BL/6/E0771  and  BALB/c/4T1  combinations.  In  addition,  alpha2-AR  and  B-AR  expression  was 
determined  in  a  mammary  tumor  cell  line  (R221a)  derived  from  the  transgenic  line,  MMTV-PyMT,  in 
which  mice  develop  mammary  tumors  spontaneously. 
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Specific  aim  3:  Perfected  the  surgical  technique  for  orthotopic  tumor  resection  and  made  progress 
optimizing  the  frequency  at  which  micrometastasis  develop  in  distant  organs. 


2)  Progress  was  made  in  each  of  the  following  specific  objectives: 

Specific  aim  la.  Determined  if  a2-AR  activation  by  DEX  increases  tumor  growth  and  metastases  in  the 
orthotopic  mammary  tumor  model  E0771  syngeneic  with  C57BL/6  mice. 

lb.  Determine  if  increased  SHG-emitting  collagen  is  a  marker  of  a2-AR-induced  metastasis  in  tumor 

and  in  metastatic  sites  in  C57BL/6  mice  with  orthotopic  E0771 . 

lc.  Identify  tumor  cytokines/chemokines  altered  by  a2-AR  stimulation  in  orthotopic  E0771  tumors. 

ld.  Determine  if  myeloid  cells  are  modulated  by  a2-AR  stimulation  in  tumor  and  in  distant  sites  by  flow 

cytometry. 

3)  Significant  results/key  outcomes: 

We  have  previously  reported  that  DEX  treatment  increased  4T1  tumor  growth  and  metastasis  to  the  lung  in 
BALB/c  mice  (11).  In  aim  1,  we  asked  if  the  effect  of  alpha2-AR  activation  could  be  extended  to  other 
tumor  models.  The  effect  of  DEX  treatment  on  orthotopic  E0771  mammary  tumor  growth  and  lung 
metastasis  was  assessed  in  C57BL/6  female  mice.  To  elucidate  the  mechanisms  underlying  the  effects  of 
DEX,  we  tested  for  changes  in  the  tumor  extracellular  matrix  (collagen-emitting  second  harmonic 
generation  (SHG)),  cytokine/chemokine  production  by  multianalyte  analysis  and  immune  cell  populations 
by  flow  cytometric  analyses. 

We  report  here  the  following  key  findings: 

Materials  and  Methods. 

Drug  Treatment.  C57BL/6  female  mice  were  injected  intraperitoneally  (IP)  with  sterile  saline  or  10  pg/kg 
DEX  beginning  2  days  prior  to  injection  of  2x1 05  tumor  cells  into  a  mammary  fat  pad  and  continuing  daily 
through  the  day  before  sacrifice. 

Tumor  Growth.  Tumor  diameter  was  measured  using  calipers  as  described  in  (11). 

SHG  Imaging.  The  method  for  determining  the  F/B  ratio  of  a  thin  tissue  sample  has  been  previously 
described  (12).  A  Spectra  Physics  MaiTai  Ti:Sapphire  laser  (power=0.1  mW  for  all  imaging)  was  directed 
through  an  Olympus  Fluoview  FV300  scanner.  This  was  focused  through  an  Olympus  water-immersion 
lens  (20x,  0.95  NA),  which  subsequently  captured  backward  propagating  SPIG  signal.  The  SHG  signal  was 
separated  from  the  excitation  beam  using  a  670  nm  dichroic  mirror,  filtered  using  a  405  nm  filter,  and 
collected  by  a  photomultiplier  tube.  The  forward  scattered  SHG  was  collected  through  an  Olympus  0.9  NA 
condenser,  reflected  by  a  565  nm  dichroic  mirror  to  remove  excitation  light,  filtered  by  a  405  nm  filter,  and 
captured  by  a  photomultiplier  tube.  Forward-  and  backward-scattered  SHG  images  were  simultaneously 
collected  as  a  stack  of  1 1  images  spaced  3  pm  apart  with  a  660-pm  field  of  view.  For  each  tissue  section,  5 
F/B  images  were  collected  (one  in  the  center  and  4  equi-distant  points  around  the  periphery  of  the  section) 
and  the  average  F/B  ratio  was  calculated  for  each  section.  During  acquisition  of  all  SHG  images,  a  dilute 
FITC  fluorescein  isothiocyanate  solution  was  imaged  to  calibrate  for  day-to-day  fluctuations  in  laser  power. 

Flow  cytometry.  Single  cell  suspensions  were  prepared  from  each  tissue.  Fc-receptor-mediated  non¬ 
specific  labeling  was  blocked  by  a  15-min  incubation  with  anti-CD16/32.  For  myeloid  cell  populations,  the 
following  antibody  panel  was  used:  anti-CD45-blue  violet;  anti-CDI  Ib-Alexafluor  647;  anti-F4/80-FITC; 
anti-Gr-1-phycoerythrin.  Color  compensation  was  incorporated  into  all  analyses.  Negative  controls  were 
based  on  fluorescent  minus  one  (FMO)  background  staining.  For  FMO  autofluorescence,  cells  are 
incubated  with  all  fluorophores  except  one,  and  the  fluorescence  intensity  of  the  missing  fluorophore  was 
determined.  The  myeloid  cell  markers  were  gated  based  on  CD45+  leukocytes.  CD45  is  a  marker  of  all 
hematopoietic  cells  and  is  not  expressed  by  tumor  cells  or  fibroblasts. 
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Lung  metastasis.  Paraffin-embedded  formalin-fixed  lung  tissue  was  sectioned  into  5-micron  sections. 
Three  serial  sections  were  mounted  onto  each  slide  and  stained  using  hematoxylin  and  eosin  (H&E).  Five 
sets  of  serial  sections  were  taken  from  each  lung,  100  pm  distance  between  each  set.  This  spacing  allows 
surveillance  of  metastatic  lesions  throughout  the  lung.  A  blinded  observer  determined  the  number  of 
metastasis  in  each  section  using  a  brightfield  microscope  (4x  magnification).  The  average  number  of 
lesions  per  three  consecutive  lung  sections  was  calculated.  This  average  was  used  to  calculate  the  sum 
total  of  metastatic  lesions  in  five  sections  per  lung.  Image  analysis  software  was  used  to  calculate  the  area 
of  each  metastatic  lesion  in  each  tissue  section.  The  average  lesion  area  was  then  determined  for  each 
mouse. 

Statistical  Analysis.  Statistical  analysis  for  all  experiments  was  conducted  with  GraphPad  PRISM  software 
with  p<0.05  considered  statistically  different.  Outliers  were  determined  using  the  Grubbs  method  and 
excluded  from  further  analyses.  In  experiments  with  two  experimental  groups,  an  F-test  for  variance  was 
conducted.  If  the  variance  was  similar  between  groups  (p>0.05),  an  unpaired,  two-tailed  student’s  t-test 
was  employed.  If  the  F-test  for  variance  was  significant  (p<0.05),  group  comparisons  were  conducted 
using  the  non-parametric  Mann-Whitney  U-test. 

A.  Results:  Dexmedetomidine  (DEX)  Treatment  in  female  C57BL/6  mice 

1.  Tumor  growth,  metastasis,  and  SHG-emitting  collagen  (Objective  1a,b) 

In  C57BL/6  mice,  DEX  treatment  non-significantly 
iased  tumor  weight  d  18  post-tumor  cell  injection 
1A;  p=0.07).  In  the  E0771  model  (like  the  4T1 
el),  splenomegaly  accompanies  tumor  growth  and 
sn  weight  is  an  indicator  of  tumor  progression.  A 
i  to  increased  spleen  weight  was  detected  with  DEX 
ment,  consistent  with  elevated  tumor  weight  (Fig. 
o=0. 1 3).  In  the  tumors,  a  trend  toward  reduced  SHG 
atio  was  detected  (Fig.  1C;  p=0.09)  with  no  change 
tumor  type-1  collagen  staining  by  standard 
jnofluorescence  (Fig.  ID).  Lung  metastatic  lesions 
:  detected  in  all  mice,  but  DEX  did  not  significantly 
ige  the  number  of  lesions  or  lesion  size  (Fig.  2A,B; 
tentative  images  of  lung  metastasis  in  Fig.  2D-F). 
I  collagen  SFIG-emission  (assessed  as  the  forward 
sion  to  backward  emission  ratio  (F/B  ratio))  was  not 
ed  by  DEX  treatment  (Fig.  2C).  To  determine  if  the 
i  toward  increased  tumor  progression  with  alpha2- 
activation  was  associated  with  infiltration  of  pro- 
>r  myeloid  populations,  flow  cytometric  analysis  of 
5+  pan  leukocyte  populations  was  conducted  using 
markers  CDIIb,  Gr-1,  and  F4/80  to  distinguish 
1  b+Gr-1  +  myeloid  derived  suppressor  cells 
3C),  CD1 1  b+Gr-1-  monocytes,  and  CD11b+F4/80+ 
>r  associated  macrophages  (TAMs).  In  the  tumors, 
y  immunosuppressive  MDSC  were  reduced  with 
DEX  treatment  (Fig.  3),  but  no  significant  alterations 
were  detected  in  MDSC  frequency  in  spleen  (p=0.22)  and  metastatic  lung  (p=0.17)  (Fig.  3).  DEX-induced 
alterations  in  the  other  myeloid  populations  were  not  detected  (Fig.  3).  These  results  indicate  a  reduction  in 
the  frequency  in  MDSC  populations  in  the  tumor  with  alpha2-AR  activation  that  is  not  consistent  with 
increased  tumor  growth. 


TUMOR  SHG  TUMOR  COLLAGEN 


Fig.  1.  Alpha2-AR  activation  promotes  E0771  tumor  progression  and  is  associated  with 
altered  tumor  SHG-emitting  collagen.  C57BL/6  females  were  treated  daily  with  10  pig/ 
kg  DEX  or  saline  vehicle  beginning  2  days  before  E0771  injection  into  a  mammary  fat 
pad.  Mice  were  sacrificed  18  days  after  tumor  cell  injection.  A,B.  DEX  increased  tumor 
and  spleen  weight.  C,  D.  Tumor  SHG-emitting  collagen  was  reduced  with  no  change  in 
total  tumor  collagen  measured  by  immunohistochemical  detection  of  type  I  fibrillar 
collagen.  Results  expressed  as  mean  ±  SEM.  Saline,  n=9,  DEX,  n=7.  Statistical  analysis 
determined  by  student's  t-test  or  by  non-parametric  Mann-Whitney  (M-W)  U  test. 
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To  assess  the  cytokine/chemokine  milieu  within 
the  tumors,  a  multiplex  analysis  was  conducted. 
Trends  in  several  cytokines  were  apparent,  with 
significant  reductions  in  anti-inflammatory  IL-10 
(t-test,  p=0.002)  and  VEGF  (p=0.04)  (Fig.  4). 
DEX  treatment  did  not  alter  tumor  MMP-2,  -3, 
and  -9  (Fig.  4).  The  reduction  in  MDSC  frequency 
is  consistent  with  a  reduction  in  IL-10  and  VEGF 
(13),  but  they  do  not  explain  DEX-induced 
increase  in  tumor  weight.  On  the  other  hand,  the 
trend  toward  reduced  IL-12,  IFN-y  and  elevated 
G-CSF  and  MIP-2  give  clues  that  other  cell 
populations  and/or  effector  functions  that  promote 
tumor  growth  may  be  altered  by  DEX  treatment. 


Fig.  2.  Lung  metastatic  lesions  were  not  significantly  altered  by  alpha2-AR  activation.  Lung  metastases  were  determined 
by  quantifying  metastatic  lesions  in  5  tissue  sections  distributed  equally  across  the  entire  lung.  A.  Number  of  metastatic 
lesions  B.  Lesion  size  determined  by  image  analysis  software.  (M-W,  p=0.34).  C.  Lung  SHG-emitting  collagen  determined  in 
regions  of  interest  adjacent  to  metastatic  lesions.  D-F  are  representative  H&E  stained  images.  Results  expressed  as  mean 
±  SEM.  Saline,  n=9,  DEX,  n=7. 


For  example,  IFN-y  is  associated  with  effector 
function  of  natural  killer  cells  and  CD8+  tumor 
cells,  both  sources  of  effective  anti-tumor  immunity.  G-CSF  and  MIP-2  are  associated  with  tumor 
progression.  Together  these  non-significant  changes  indicate  other  mechanisms  that  contribute  to  the 
elevated  tumor  growth  observed  with  DEX  treatment. 
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IUSSION.  These  results 
onstrate  trends  in  E0771  tumor 
ression  associated  with  DEX 
ment  as  we  reported  previously 
le  4T1/BALB/C  tumor  model, 
ever,  the  effects  are  not  as 
linent  as  in  BALB/c  mice.  The 
ations  are  not  clearly 
ciated  with  alterations  in 
1C  and  may  be  dependent  on 
ctions  in  anti-tumor  cell 
jnity. 


Fig.  3.  Alpha2-AR  activation  and  myeloid  populations  in  tumor,  spleen,  and  lung  of  E0771-bearing  mice.  In  tumors,  DEX 
decreased  tumor  CDllb+Gr-l+  MDSC,  but  not  other  other  myeloid  populations.  In  spleen  and  lung,  DEX  did  not 
significantly  alter  any  myeloid  populations.  Results  expressed  as  mean  ±  SEM.  Saline,  n=9,  DEX,  n=7.  Statistical  analysis 
determined  by  student's  t-test  or  by  non-parametric  Mann-Whitney  (M-W)  U  test. 

endogenous  ligands  for  D0nnn2-AR  are  the  catecholamines  norepinephrine  and  epinephrine.  These 
catecholamines  have  mixed  affinity  for  a-AR  and  B-AR.  Thus  the  AR  activated  is  dependent  on  the  local 
concentration  of  norepinephrine.  In  the  previous  annual  report,  we  demonstrated  opposite  effects  of  DEX 
(□□□DJ32-AR  agonist)  compared  to  salmeterol  (B2-AR  agonist)  on  4T1  tumor  growth  and  metastasis.  This 
raises  questions  regarding  the  impact  of  NE  released  under  stress  (high  local  concentration)  versus  non¬ 
stress  (low  local  concentration)  conditions.  13-AR  activation  has  been  shown  to  promote  tumor  progression 
in  tumor  models  in  which  the  tumor  cells  express  functional  13-AR  (4,  5).  In  the  BALBc/4T  1  mammary  tumor 
model,  we  observed  unexpected  tumor  inhibitory  effects  including  reduced  metastatic  lesions  with  the 
highly  selective  f32-AR  agonist  salmeterol  (SALM).  To  determine  if  the  inhibitory  effects  of  f32-AR  activation 
are  limited  to  the  4T1  model,  the  impact  of  SALM  treatment  in  the  C57BL/6/E0771  mammary  tumor  model 
was  tested. 


ir  Significant 

jlts/Achievements:  The 


Materials  and  Methods. 

Drug  Treatment.  Mice  were  injected  intraperitoneally  (IP)  with  sterile  saline  or  5  mg/kg  salmeterol 
beginning  2  days  prior  to  injection  of  2x1 05  tumor  cells  into  a  mammary  fat  pad  and  continuing  daily 
through  the  day  before  sacrifice. 
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Fig.  4.  Alpha2-AR  activation 
reduced  tumor  IL-10  and 
VEGF.  Results  expressed  as 
mean  ±  SEM.  Saline,  n=9, 
DEX,  n=7.  Statistical  analysis 
determined  by  student's  t- 
test  or  by  non-parametric 
Mann-Whitney  (M-W)  U  test. 
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Fig.  5.  152-AR  activation  reduced  E0771  tumor  weight.  C57BL/6  females  were 
treated  daily  with  5  mg/kg  salmeterol  (SALM)  or  saline  vehicle  beginning  2  days 
before  E0771  injection  into  a  mammary  fat  pad.  Mice  were  sacrificed  18  days 
after  tumor  cell  injection.  A,  B.  SALM  decreased  tumor  but  not  spleen  weight. 
C,D.  SALM  did  not  alter  tumor  SHG  total  tumor  collagen  as  measured  by 
immunohistochemical  detection  of  type  I  fibrillar  collagen.  Results  expressed  as 
mean  ±  SEM.  Saline,  n=9,  SALM,  n=9. 


All  other  methods  as  described  above. 

B.  Results:  Salmeterol  (SALM)  Treatment  in  Female 
C57BL/6  mice 

2.  Tumor  growth,  metastasis,  and  SHG-emitting  collagen 
(Objective  1a,b) 

In  C57BL/6  mice,  SALM  significantly  reduced  tumor 
weight  18  days  after  E0771  injection  (p=0.01;  Fig.  5). 
Spleen  weight  was  not  reduced  (Fig.  5B),  but  the  lack  of  an 
effect  is  most  likely  a  ‘floor  effect’  because  spleen  weight  in 
healthy,  non-tumor  bearing  C57BL/6  mice  averages  -100 
mg  indicating  that  splenomegaly  had  not  yet  occurred  at 
this  time  point.  SALM  did  not  alter  tumor  SFIG-emitting 
collagen  (Fig.  5C)  or  collagen  type  I  immunostaining  (Fig. 
5D).  Lung  metastatic  lesion  number  and  size  and  lung  SFIG 
F/B  ratio  were  not  significantly  altered  by  SALM  treatment 
(Fig.  6). 


The  SALM-induced  reduction  in  tumor  weight  was  associated  with  reduced  frequency  of  tumor  MDSC 
(p=0.017)  and  a  trend  towards  reduced  MDSC  in  spleen  (p=0.059)  (Fig.  7).  SALM  did  not  alter  lung  MDSC 
frequency  (Fig.  7).  On  the  other  hand,  SALM  increased  CD11b+Gr-1-  monocytes  and  CD11b+F4/80+ 
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macrophages  in  the  metastatic 
lung,  with  similar  trends  in  the 
spleen,  but  not  in  tumors  (Fig.  7). 
SALM-induced  reduction  in  tumor 
growth  was  associated  with  few 
changes  in  tumor  cytokines  and 
chemokines  except  a  significant 
decrease  in  RANTES,  a  recruiter 
of  tumor  MDSC  (14)  (Fig.  8). 


DiSCUSSiOn  SALM  trGStmGnt  in  Fig.  6.  E0771  lung  metastatic  lesions  were  not  significantly  altered  by  R2-AR  activation.  A.  Number  of  metastatic  lesions.  B. 

Lesion  size  determined  by  image  analysis  software  (M-W,  p=0.8).  C.  Lung  SHG-emitting  collagen  determined  in  regions  of 

the  C57BL/6-E0771  model  interest  adjacent  to  metastatic  lesions.  Results  expressed  as  mean  ±  SEM.  Saline,  n=9,  SALM,  n=9. 

reduced  tumor  growth  in  association  with  reduced  tumor  MDSC.  These  results  are  similar  to  the  tumor 
inhibitory  environment  observed  in  SALM-treated  ESALB/C-4T1  model  (see  results  below  and  Annual  Report 
Year  1).  Flowever,  the  E0771  model  did  not  show  any  change  in  lung  metastasis  and  demonstrated  no 
association  with  tumor  SFIG,  unlike  4T1.  These  results  imply  that  the  impact  of  B2-AR  activation  on  MDSC 
is  independent  of  mouse  strain/tumor,  but  the  metastatic  outcome  may  be  dependent  on  tumor  and/or 
genetic  background.  Tumor  progression  in  mouse  metastatic  models  breast  cancer,  as  in  human  breast 
cancer,  elicits  mobilization  of  MDSC  from  the  bone  marrow  to  spleen  and  tumor,  and  these  processes  that 
have  been  shown  to  be  regulated  in  normal  mice  by  norepinephrine  (15,  16).  The  reduction  in  tumor 
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Fig.  7.  132-AR  activation  and  myeloid  populations  in  tumor,  spleen,  and  lung  of  E0771-bearing  mice.  SALM  decreased  tumor  ^LlCy  in  the  mature 

and  spleen  CDllb+Gr-l+  MDSC.  In  spleen  and  lung,  SALM  increased  CDllb+F480+  macrophages  and  CDllb+Gr-1-  1b+Gr-1-  and  CD11b+F4/80+ 
monocytes.  Results  expressed  as  mean  ±  SEM.  Saline,  n=9,  DEX,  n=9.  Statistical  analysis  determined  by  student's  t-test  or  by  .|afjnnc 
non-parametric  Mann-Whitney  (M-W)  U  test.  ^ 
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Overall,  these  results  demonstrate  distinct  patterns  in  a  tumor’s  response  to  alpha2  versus  13-AR  activation, 
and  that  these  effects  are  independent  of  tumor  model  and  mouse  strain.  This  implies  that  norepinephrine 
produces  distinct  and  often  opposite  effects  on  tumor  progression,  depending  on  the  local  concentration  of 
norepinephrine.  In  preliminary  results,  we  have  evidence  that  E0771  are  similar  to  4T1  in  being  unable  to 
respond  to  B-AR  signaling  as  measured  by  cell  surface  B-AR  expression.  Therefore  these  effects  may  be 
indicative  of  host  stromal  cell  AR  expression  and  function  in  the  absence  of  direct  activation  of  tumor  cell 
AR. 


These  experimental  results  are  also  significant  because  they  reveal  tumor  inhibitory  effects  of  B-AR 
activation  that  go  against  the  prevailing  view  that  B-AR  activation  accelerates  breast  cancer  progression  (4, 
5).  Therefore,  to  further  explore  BAR-induced  tumor  inhibition,  we  assessed  the  kinetics  of  the  SALM- 
induced  alterations  in  tumor  progression  in  the  BALB/C-4T1  model. 

To  clarify  if  SALM  elicited  a  long  term  versus  a  transient  tumor  inhibitory  microenvironment,  4T1  tumor¬ 
bearing  mice  treated  with  vehicle  or  SALM  and  sacrificed  at  2  different  time  points  in  tumor  progression.  In 
this  experiment,  SALM  treatment  did  not  alter  tumor  weight  at  14  or  21  days  (Fig.  9A).  Nonetheless, 
systemic  inhibitory  effects  were  observed  with  SALM  treatment,  including  a  significant  reduction  in  spleen 
weight  at  d  21  (Fig.  9B).  Spleen  weight  correlates  with  tumor  progression  in  4T1  tumor-bearing  mice  (11). 


9 


SALM  also  decreased  lung  metastatic  lesions  at  d14  post-  4T1  injection  (Fig.  9C),  but  not  size  (Fig.  9D). 


Fig.  8.  132-AR  activation 
reduced  RANTES  in  E0771 
tumors.  Results  expressed  as 
mean  ±  SEM.  Saline,  n=9, 
SALM,  n=9.  Statistical  analysis 
determined  by  student's  t- 
test  Mann-Whitney  (M-W)  U 
test. 
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Furthermore,  in  a  time-dependent  fashion,  SALM  treatment 
inflammatory  cytokine  IL-10  (Fig.  10A),  IL-6  (Fig.  10B),  G-CSF 
(Fig.  10C),  and  the  recruiters  of  myeloid  populations  MCP-1 
(CCL-2)  (Fig.  10D)  and  MIP-2  (Fig.  10E).  Flow  cytometric 
analysis  of  myeloid  populations  in  the  tumor  revealed  no  SALM- 
induced  changes,  but  in  the  spleen  and  lung  the  frequency  of 
CD1 1b+Gr-1+  MDSC  was  elevated  at  d  14  and  reduced  by  day 
21  with  SALM  treatment  (Fig.  11  A).  The  frequency  of  F4/80+ 
TAMs  was  not  altered  in  tumor,  spleen,  or  lung  at  either  time 
point  (Fig.  11B).  Plowever,  SALM  reduced  CD8+,  CD4+,  and 
CD4+CD25+  Treg  frequency  in  the  tumor  at  d  14  (Fig.  12). 

DISCUSSION.  Together  these  data  suggest  that  B-AFt  activation 
induced  an  inhibitory  microenvironment  within  the  tumor  and 
was  associated  with  early,  but  transient  inhibition  of  lung 
metastasis.  The  early  SALM-induced  reduction  in  the  tumor 
chemokines  MCP-1  and  MIP-2  would  be  predicted  to  reduce 
tumor  myeloid  population  frequency,  but  the  tumor  myeloid 
populations  were  not  altered  at  either  time  point.  Plowever, 
MDSC  were  elevated  in  spleen  and  lung  at  d14  and  inhibited  at 
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Fig.  9.  Kinetics  of  the  response  to  R2-AR  activation  in  the  4T1  orthotopic 
tumor  model.  BALB/c  females  were  treated  daily  with  5  mg/kg  salmeterol 
(SALM)  or  saline  vehicle  beginning  2  days  before  4T1  injection  into  a 
mammary  fat  pad.  Mice  were  sacrificed  14  or  21  days  after  tumor  cell 
injection.  A,  B.  SALM  did  not  alter  tumor  weight  but  reduced  spleen 
weight  late  in  tumor  progression.  C,D.  SALM  reduced  the  number  of  lung 
metastatic  lesions,  but  not  metastatic  lesion  size.  Results  expressed  as 
mean  ±  SEM.  Saline,  n=9,  SALM,  n=9;  *P<0.05. 
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Fig.  10.  SALM-induced  reduction  in  4T1 
tumor  cytokines.  BALB/c  female  mice 
were  treated  daily  with  5  mg/kg  SALM 
or  saline  vehicle  beginning  2  days 
before  4T1  injection  into  a  mammary 
fat  pad.  Mice  were  sacrificed  14  or  21 
days  after  tumor  cell  injection.  Results 
expressed  as  mean  ±  SEM.  Saline,  n=9, 
SALM,  n=9;  *p<0.05. 
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suggesting  that  the  MDSC 
i  retained  in  spleen  and/or 
irentially  migrated  to  the  lung, 
reduction  in  the  tumor  pro- 
nmatory  cytokines  would  also 
ict  reduced  lung  metastatic 
ns,  especially  decreased  G- 
(18),  however,  there  was  only 
ransient  reduction  in  lung 
istatic  lesion  size.  This 
lests  that  other  mechanisms 
active  to  counter-act  SALM- 
:ed  tumor  inhibitory  effects. 
VI  treatment  reduced  the  CD8+ 
ilation  at  dl  4,  consistent  with 
work  of  Repalsky  and 
agues  (19),  and  suggests  that 
tumor  immunity  mediated  by 
UU8+  cytotoxic  T  lymphocytes  was 
impeded  with  SALM  treatment.  This  also  may  be  a  mechanism  that  counters  the  reduced  pro-tumor 
cytokines.  As  we  have  observed  previously,  MDSC  were  sensitive  to  B-AR  activation,  and  as  pointed  out  in 

discussion  above,  may  have 
i  mediated  by  alterations  in 
!C  migratory  behavior, 
ever,  in  this  experiment,  SALM 
not  appear  to  modify  tumor 
ation  by  MDSC.  The  frequency 
f/80+  TAMs  does  not  appear  to 
;ensitive  to  B-AR  activation  in 
.tumor,  spleen,  or  lungs.  This 
;  against  the  observation  that 
1  activation  in  vivo  increased 
>r  metastasis  by  recruiting 
1  b+F4/80+  TAMs  (5).  We 
fhesize  that  the  difference 
een  these  two  tumor  models 
cts  B-AR  activation  status  of 
tumor  cells.  Sloan  and 
agues  (5)  demonstrated  that 
orthotopic  tumor  model,  a 
mt  of  the  4T1  tumor  model  in 

Fig.  11.  SALM-induced  reduction  in  4T1  MDSC  and  macrophages.  BALB/c  female  mice  were  treated  daily  with  5  mg/kg  SALM  or  saline^^  h"l  iCe,  eXpreSSed  functional 
vehicle  beginning  2  days  before  4T1  injection  into  a  mammary  fat  pad.  Mice  were  sacrificed  14  or  21  days  after  tumor  cell  injection.?  whllP  WP  hriVP  Hp  |T|0  fl^t  TP  tP(i 
Results  expressed  as  mean  ±  SEM.  Saline,  n=9,  SALM,  n=9;  *P<0.05.  ’ 

men  4T1  does  not  express 
functional  B-AR  (11).  Furthermore,  the  SALM-induced  increase  in  lung  CD11  b+Gr-1  +  MDSC  is  not 
consistent  with  the  reduced  metastasis  seen  early  in  the  response.  Together  these  results  suggest  that  B- 
AR  activation  of  multiple  tumor  populations  (tumor  cells  and  host  stromal  cell  populations)  contributes  to 
differences  in  the  response  to  B-AR  activation  in  tumor  progression.  Finally,  B-AR  desensitization  may  elicit 
the  transiency  of  the  response,  although  we  have  tried  to  minimize  the  impact  of  desensitization  by  using 
the  long-acting  SALM. 
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C.  AR  Expression  in  Tumor  Cells  from  MMTV-PyMT  mice. 
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Fig.  12.  SALM-induced  reduction  in  4T1  T  cell  subpopulations.  BALB/c  female  mice  were  treated  daily  with  5  mg/kg  SALM  or 
saline  vehicle  beginning  2  days  before  4T1  injection  into  a  mammary  fat  pad.  Mice  were  sacrificed  14  or  21  days  after  tumor  cell 
injection.  Results  expressed  as  mean  ±  SEM.  Saline,  n=9,  SALM,  n=9;  *p<0.05. 


In  our  previous  work  (11),  we  demonstrated  that  alpha2-AR  activation  promoted  tumor  progression  in  the 
4T1  orthotopic  model,  despite  the  fact  that  4T1  tumor  cells  do  not  express  alpha2-AR.  As  discussed  above, 
we  hypothesize  that  differences  in  AR  responses  between  tumor  models  are  partially  related  to  AR 

expression  levels  of  the  tumor 
.  In  the  YR1  annual  report, 
iad  tested  the  response  to 
in  MMTV-PyMT  mice.  To 
acterize  AR  signaling 
icity  in  tumor  cells  derived 
MMTV-PyMT  mammary 
>rs,  intracellular  cAMP  was 
sured  in  response  to 
Jtive  agonists.  Upon  ligand 
ng,  alpha2-AR  couple  to  Gi 
jins  to  inhibit  adenylate 
ise  and  thereby  reduce 
P.  We  demonstrate  here  that 
cell  line  R221a,  derived  from  MMTV-PyMT  mice,  expresses  functional  alpha2-AR  as  demonstrated  by  the 
finding  that  2  selective  alpha2-AR  agonists,  DEX  and  clonidine  reduced  forskolin-induced  cAMP  (Fig.  13A). 
B-AR  activate  adenylate  cyclase  through  Gs  to  elevate  intracellular  cAMP.  R221a  cells  express  functional 

"  AR  as  demonstrated  by  the  ability  of  the 
selective  13-agonist  isoproterenol  and 
f32-AR-selective  agonist  formoterol  to 
iase  cAMP  (Fig.  13B).  Plowever,  the 
induced  response  was  much  greater 
was  produced  at  a  lower  concentration 
ive  to  formoterol.  To  explain  the 
'ential  in  the  cAMP  response  to  these 
I  agonists,  we  are  currently  testing  if 
la  cells  express  131-  or  f33-AR,  in 
ion  to  132-AR.  f31  and  f33-AR  are 
ated  by  isoproterenol,  unlike 
oterol. 

iCIFIC  AIM  3 

ajor  activities:  Determine  if  DEX 
ment  during  breast  tumor  surgery 


A. 


Fig.  13.  R221a,  a  cell  line  derived  from  MMTV-PyMT  tumors,  express  (A)  oi2-AR  and  (B)  B2-AR  based  on  signaling 
capacity.  cAMP-induced  forskolin  (FORSK,  50  pm)  is  reduced  by  2  a2-AR-selective  agonists  dexmedetomidine  (DEX,  0.1 
pM)  and  clonidine  (CLON,  0.1  pM).  (B)  Isoproterenol  (non-selective  B-AR)  and  formoterol  (B2-AR  selective)  elevated 
intracellular  cAMP  in  R221a  cells.  *p<0.05. 


promotes  micrometastasis. 


Methods.  IVIS  Imaging.  In  BALB/c  mice,  luc2-transfected-4T1  cells  (Caliper  Life  Sciences)  were 
employed  to  image  tumor  growth  in  vivo.  For  IVIS  imaging,  mice  were  injected  IP  with  luciferin  (Caliper; 
150  mg/kg)  in  sterile  saline.  Five  minutes  later,  mice  were  anesthetized  using  90  mg/kg  ketamine  plus  10 
mg/kg  xylazine.  Mice  were  placed  in  the  heated  (37°C)  imaging  chamber.  Images  were  taken  every  30 
secs  for  5  minutes.The  goal  of  these  experiments  is  to  determine  if  acute  a2-AR  activation  in  the  surgical 
setting  will  impact  the  development  of  micrometastasis  associated  with  breast  tumor  resection. 


The  first  objective  has  been  to  establish  that  surgical  resection  of  4T1  tumors  establishes  lung 
micrometastasis  in  our  hands.  With  the  assistance  of  the  University  of  Rochester  vivarium  staff,  we  can 
now  surgically  resect  the  tumors  very  cleanly  with  no  detectable  residual  tumor  tissue  based  on  IVIS 
imaging  using  d-lucifererase-transfected  4T1  tumor  cells  (Fig.  14).  We  have  tested  surgery  at  2  time 
points  after  tumor  cell  injection  (Day  4  and  Day  7),  and  imaged  mice  weekly  to  determine  if  distant  site 
metastases  were  detectable.  Thus  far,  we  have  detected  distant  metastasis  in  1  mouse  (out  of  4  tested) 
15  days  after  surgical  resection  (Fig.  14).  The  tumors  in  this  group  of  mice  were  removed  7  days  after 
tumor  cell  injection.  We  continue  to  follow  this  group  of  mice  and  the  other  mice  in  which  tumors  were 


12 


removed  4  days  after  tumor  cell  injection.  We  will  continue  to  identify  the  timing  in  which  a  larger 
proportion  of  mice  that  have  undergone  surgery  will  develop  distant  metastases.  All  mice  will  be 
continually  followed  and  eventually  sacrificed.  At  sacrifice,  distant  secondary  tissues  (lung,  spleen,  and 
bone  marrow)  will  be  fixed  and  H&E  stained  to  determine  if  metastatic  lesions  are  present  and  compared 
to  IVIS  imaging  detection. 


B.  d+2 


Fig.  14.  IVIS  imaging  of  dluc-4Tl  tumor  before  and  after  primary  tumor  resection  in 
the  same  4  mice.  IVIS  imaging  was  conducted  prior  to  (A)  and  2  d  (B)  after  surgery  to 
confirm  the  clean  removal  of  4T1  tumor  cells.  By  9  days  after  surgery,  1  mouse  had 
developed  a  distant  metastasis  in  the  region  of  the  lung.  The  values  in  D  represent 
total  flux  in  photon/sec  determined  in  the  region  of  interest.  Multiple  exposure  times 
were  tested.  This  series  of  images  represents  30  sec  exposure. 
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4.  IMPACT 

What  was  the  impact  on  the  development  of  the  preliminary  discipline  of  the  project?  The  results 
indicate  that  the  tumor  promoting  effect  of  alpha2-AR  activation  is  observable  in  the  C57BL/7  mouse- 
E0771  combination  but  the  underlying  mechanisms  appear  to  differ  from  that  of  BALB/C-4T1.  The  results 
confirm  that  changes  in  tumor  SHG  F/B  ratio  is  associated  with  altered  metastasis  to  the  lung,  and  may  be 
useful  an  indicator  of  future  metastatic  effects.  An  important  finding  is  that  the  effect  of  B2-AR  activation  is 
opposite  to  that  of  alpha2-AR  activation.  This  result  has  implications  with  regard  to  the  effect  of  the 
endogenous  ligand  norepinephrine.  Norepinephrine  may  elicit  different  tumor  responses  depending  on  its 
local  concentration;  higher  concentrations,  such  as  those  obtained  following  stress-induced  release  of 
norepinephrine  will  activate  B2-AR  and  alpha2-AR;  baseline  levels  of  norepinephrine  may  only  activate 
surrounding  target  cells  that  express  alpha2-AR.  In  the  4T1  and  E0771  tumor  models  used  here,  the  tumor 
cells  do  not  express  functional  B-AR.  Here  we  demonstrate  functional  alpha2-AR  and  B-AR  in  tumor  cells 
derived  from  the  MMTV-PyMT  model.  This  will  be  important  as  we  determine  the  impact  of  sympathetic 
nervous  system  activation  in  MMTV-PyMT  mice,  a  model  that  closely  mimics  human  hormone  receptor¬ 
expressing  cancers.  We  contend  that  the  impact  of  AR  activation  on  host  AR-expressing  stromal  cells 
needs  to  be  distinguished  from  that  of  AR-expressing  tumor  cells.  Our  results  point  to  the  potential  for 
stress  exposure  and  sympathetic  nervous  system  activation  to  have  bi-directional  effects  on  cancer 
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progression.  In  the  context  of  personalized  medicine,  AR  expression  may  be  important  in  predicting  an 
individuals’  cancer  response  to  stressor  exposure. 

The  finding  that  B2-AR  activation  inhibits  pathways,  including  reduced  G-CSF,  IL-6  and  CCL2  (MCP-1)  that 
promote  tumor  progression  has  clinical  implications.  f3-AR  blockers  have  been  proposed  as  a  new  therapy 
in  the  treatment  of  breast  cancer  (20).  These  results  suggest  that  caution  should  be  used  in  the  clinical  use 
of  f3-blockers  until  it  can  be  clarified  when  f3-blockade  will  be  safe  and  effective. 

What  was  impact  on  other  disciplines,  technology  transfer,  and  on  society  beyond  science  and 
technology?  Nothing  to  report. 


5.  CHANGES/PROBLEMS: 

Our  ability  to  conduct  the  experiments  proposed  for  specific  Aim  3  is  problematic  because  of  the  low  rate  of 
development  of  metastasis  in  distant  organs  in  the  4T1  model.  We  have  observed  lung  metastasis  in  1  out 
of  20  mice  who  have  undergone  successful  surgery  (i.e.  no  detectable  primary  tumor).  We  will  continue  to 
observe  and  image  these  mice  to  determine  if  distant  metastasis  will  eventually  develop,  but  we  are 
concerned  that  our  ability  to  determine  the  impact  of  DEX  treatment  around  the  time  of  surgery  will  be 
compromised  with  such  a  low  level  of  metastasis  detected.  It  is  possible  that  the  length  of  time  required  to 
develop  micrometastasis  may  be  sufficient  for  the  4T1-dluc  cells  to  lose  the  luciferase  transgene  required 
for  IVIS  imaging.  For  now,  any  mice  that  develop  metastasis  to  distant  sites  as  detected  with  IVIS  imaging 
or  become  ill  (even  without  detectable  metastasis  by  IVIS  imaging)  will  be  sacrificed  for  ex  vivo  imaging  of 
lung,  bone  marrow,  spleen  to  determine  if  signal  is  detectable  in  any  of  these  potential  metastatic  sites.  In 
addition,  we  will  histologically  assess  micrometastatic  lesions  detections  using  standard  H&E  staining  with 
assistance  from  Dr.  Ping  Tang,  surgical  pathologist.  This  will  help  us  determine  if  under  our  conditions,  the 
development  of  micrometastasis  is  a  rare  event  and  a  new  approach  will  be  needed  to  assess  the 
development  in  orthotopic  models. 
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